Introduction
The suborder Prostomatine, for which the literature is scattered and few studies have been carried out since 1960, comprises the minority of Ciliophora and only contains two families: Holophryidae and Metacystidae. Thereinto, Metacystidae can be divided into three genus (Vasicola Tatem, 1869; Pelatractus Kahl, 1930; Metacystis Cohn, 1866) by the body shape and presence/absence of monokinetids in the oral infraciliature (Small & Lynn 1985) .
The genus Metacystis, established by Cohn (1866), was found in freshwater, marine and brackish water habitats (Bick 1972; Carey 1992; Foissner 1984) . However, few correlational research or reports about this genus have hitherto been carried out, especially since the molecular data of Metacystis have not been available until now. In 1930, 11 species of this genus was described in detail by Kahl (1930) , and consequent studies (Aladro-Lubel & MartinezMurillo 1999a, b; Borror 1972; Carey 1992; Chen, 2009; Detcheva et al., 1979; Dietz 1964; Dragesco et al., 1974; Foissner 1984 Foissner , 1996 Penard 1922; Puytorac 1994; Small & Lynn 1985; Song & Wilbert 2002) has greatly contributed to knowledge concerning the diversity and morphology of the genus.
In this present study, a population of Metacystis, which was derived from Chongming, Shanghai, China during a sampling cruise for the faunistic investigation of benthic microorganisms of China's coast, was investigated and described. After comparison with its congeners, we identified the present population of Metacystis as a new species, namely M. similis nov. spec. Its morphological information was presented, and the phylogenetic tree concerning the genus Metacystis was also constructed based on the small-subunit rRNA gene sequence, which were shown initially.
Material and methods
Sample collection, observation, and identification. The Metacystis similis nov. spec. was isolated from water samples with natural sediments collected near the Changjiang estuary of Chongming island ( 31°37′28′′N, 121°56′31′′E ). All samples were preserved at 4°C for at least one month and subsequently stored in plastic bags until investigation. Then all samples were cultured in the culture plate for about two weeks with a water temperature of 15-20°C, which was maintained by an incubator, a salinity of 30‰, and sufficient wheat grain to increase bacteria before the Metacystis population was isolated. We speculate that natural sediments provide a wealth of nutrients for the Metacystis similis nov. spec. and Stombidium taxa, which would enable them to survive so that they could live for about two weeks under laboratory conditions, resulting in a significant increase in their populations.
Individual cells were observed using bright field microscopy (Olympus DP72) at 40× to 1000× magnification; protargol impregnation (Wilbert 1975 ) was used to reveal the infraciliature; drawings of living specimens and impregnated specimens were created with a camera lucida; Terminology is mainly based on Corliss (1979) and Ji et al. (2015) .
SSU rRNA sequencing. SSU rRNA gene amplification and PCR reaction steps were performed according to Chen et al (2014) with the use of universal eukaryotic primers (18S-82F 5′-GAAACTGCGAATGGCTC -3′ and 18S-1492R 5′-GGTTACCTTGTTACGACTT -3′ ). The new sequence was deposited in GenBank under the accession number KT272408. The other Bank/EMBL databases of SSU rRNA gene nucleotide sequences used in the phylogenetic tree are shown in Fig. 3 .
Phylogenetic analyses. All SSU rRNA gene sequences were aligned using the CLUSTAL.W program in BioEdit version 7.0.0 (Hall, 1999) and were further adjusted by the SeaView 1.6.6 software (Gouy et al., 2010) . Phylogenetic trees constructed using BI and ML methods show basically congruent topologies (Fig. 3) . The Bayesian tree was performed by MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) using the GTR+I+I -evolutionary model constructed by MrModeltest v.2 (Nylander, 2004) as well as running for 1000000 generations. For the Maximum likelihood (ML) analysis, selection of the best model was computed with the jModeltest program (Darriba et al., 2012) . The ML tree was constructed with the PhyML v 2.4.4 program (Zhang Q et al., 2014) . The reliability of internal branches was assessed by a nonparametric bootstrap method with 1000 replicates. Diagnosis. Cylindrical marine Metacystis with a slightly blunt anterior end, in vivo 50-70 x 18-23 μm; cell not loricate, uniformly cinctured by 16-18 transverse rings of cilia, which are arranged into 32-36 longitudinal somatic kineties; the oral apparatus consisting of one circumoral kinety of dikinetids and six girdles of monokinetids that pack together; one spherical macronucleus located in the center of the body; the caudal cilium possessed one hemicycle transparent and protruding terminal vacuole.
Results

Morphology of
Type of material. A protargol slide with the holotype specimen was deposited in the collection of Laboratory of Protozoology, Ocean University of China, with registration number 20141107Z. The holotype specimen is marked by an ink circle on the coverslip. A paratype slide with protargol-impregnated specimens was deposited in the Laboratory of Protozoology, Yantai University, China with registration number 20141108Z.
Etymology. The Latin adjective "similis" denotes general similarity between the new species and its congeners.
Description. Cells are 50-70 x 18-23 µm in vivo, and the body shape is slightly changeable with mostly barrel-shaped or cylindrically-shaped (Figs. 2A-C). Body is rarely contractile, and the ratio of length : width is ca. 2.5-3:1 (Table 1) . From the blunt posterior end, the body slightly tapers toward the truncated anterior aperture ( Figs. 2A-C) . Lorica is absent.
The cytoplasm is colorless to slightly grayish and contains many large granules (5-8 μm in diameter) but is transparent posteriorly, which is due to the existence of a large caudal vacuole (15-18 μm in diameter) (Figs. 2B-E). The pellicle is rigid, and its surface consists of transverse ridges (Figs. 1A, 2G, arrowheads) and longitudinal somatic kineties, thus clear rectangular meshes can be observed above 100× magnification (Figs. 1J, 2F ). The macronucleus is large and round to oval, mostly centrally located, in vivo always exhibits a transparent area. After impregnation, several nucleoli were scattered in the macronucleus. A large hemicycle transparent vacuole protrudes at the terminal end of the cell (Figs. 2A-D) . Cilia of Metacystis similis nov. spec. are densely arranged with a length of ca. 9 µm at the oral part and a length of 6 µm in somatic kineties. Caudal cilia are absent. Metacystis similis nov. spec. always utilizes a single mode of locomotion: when swimming, the body moves forward at moderate speed and rotates along its longitudinal axis. The cell is not sensitive to disturbance or stimulation. When observed under microscope, the cell constantly moves back and forth without pause at the bottom of the water.
The circumoral ciliature is composed of one circumoral dikinety and six densely packed girdles of monokinetids (Fig. 2I) , which has clear circumscription with somatic ciliature. Additionally, the oral infraciliature is considerably denser than the somatic counterparts. The somatic infraciliature is composed of 32-36 longitudinal kineties extending over the entire length of body and patterned as 16-18 transverse rows of monokinetids (Fig.  2H) . 
Comparison and discussion
Morphological comparison of Metacystis similis nov. spec. with closely related congeners. According to the new diagnosis by Carey (1992) , Metacystis is outlined by: an ovoid or a cylindrical cell with characteristically visible transverse ridges, the longitudinal somatic kineties consisting of monokinetids, the apical circular cytostome with circumoral kineties, the presence of a posterior protruding vacuole, and some have a lorica attached to the substrate. Three Metacystis have been described in morphological detail, which should be compared with the new species: Metacystis striata Stokes, 1893, M. elongata Kahl, 1928 , M. parastriata Chen, 2009 . For comparative purposes, details of the main morphological features of these populations are given in Table 2 . Metacystis striata is presently described by at least 3 reports: M. striata Stokes, 1893 (Pop. I) (Fig. 1B) , M. striata sensu Borror (1972) (Pop. II) (Fig. 1F) , and M. striata sensu Foissner (1984) (Pop. III) (Figs. 1G, H) . There is considerable similarity in both the living morphology and oral infraciliature between the new species and M. striata. At the infraciliature level, however, M. similis can be recognized by the lower number of somatic kineties Stokes, 1893 Borror, 1972 Foissner, 1984 Dragesco&Dragesco-Kernéis, 1986 Song&Wilbert, 2002 Dietz, 1964 Kahl, 1928 -Data not available; * Data from protargol-impregnation specimens.
and transverse ciliary rings (Table 2) . Furthermore, M. similis differs from M. striata (Pop. I) in the number of somatic kineties (32-36 vs. 63-66) and number of transverse ciliary rings (16-18 vs. 20-24) ; M. similis differs from M. striata (Pop. II) in the number of transverse ciliary rings (16-18 vs. 22-24) and number of circumoral kineties (7 vs. 6); M. striata (Pop. III) presents with one lorica, which can be a remarkable difference from M. similis (Table 2 , Fig. G ) (Borror 1972; Foissner 1984; Kahl 1930) . Metacystis elongata (Fig. 1E ) has an elongated body and retractile proboscides, has only a single perioral girdle, and is hence distinctly different from M. similis (Kahl 1930; Puytorac 1994) .
Metacystis similis nov. spec. is very similar to M. parastriata. The latter, however, can be separated from M. similis by: 1) the body size (80-160 μm in M. parastriata vs. 50-70 μm in M. similis), 2) the number of transverse ciliary rings (32-46 in M. parastriata vs. 16-18 in M. similis), 3) the number of circumoral ciliature (7 in M. parastriata vs. 4 in M. similis) and 4) the size of the macronucleus (24-32 μm in M. parastriata vs.8-15 μm in M. similis) (Chen, 2009) (Table 2, Fig. 1D ).
Another congener, Metacystis hyperhalina (Fig. 1C) , also has some similarities with M. similis. However, the body size of M. hyperhalina is larger than that of M. similis (ca.92 μm vs. 50-70 μm) and the truncated anterior aperture is considerably wider, which can be fundamentally distinguished from this new species (Dietz, G. 1964) .
In addition, the live shape and length of Metacystis sp. sensu Dragesco & Dragesco-Kernéis, 1986 (Fig. 1I , Table 2 ) are very similar to M. similis but differs from this new species in the arrangement of circumoral kineties (2 circumoral dikineties vs. 1) and the lower number of monokineties (2 monokineties vs. 6).
A comparison should be made, as well, with another morphologically-similar species, Metacystis sp. sensu Song & Wilbert, 2002 (M. sp2 , Table 2 ), which was obtained from the Antarctic area. Unfortunately, there is no living observation about this species. Nevertheless, differences between Metacystis similis nov. spec. and M. sp.2 based on protargol impregnated specimens can be listed as: 1) the latter is more slender than M. similis, which are mostly cylindrical shaped; 2) the body size of Metacystis sp.2 is larger than that of M. similis. (160 μm vs. 50-70 μm); 3) the number of transverse rings is different (25-30 in M. sp.2 vs. 16-18 in M. similis); 4) the circumoral infraciliature is different either (8.5 rows vs.7 rows): Metacystis sp.2 consisting of two dikineties (vs. 1 in M. similis) and four and half circles of monokinetids (vs. 6 in M. similis).
Phylogenetic analyses. Topologies of the ML and BI trees were basically accordant and thus only the topology of the ML tree is presented, with support values from both algorithms indicated on branches (Fig.3) . The SSU rRNA tree showed that the family Metacystidae clusters with the family Holophryidae (99.8% ML, 1.00 BI) and these two families are sisters to the family Colepidae with moderate support (64.1% ML, 0.77 BI). Morphologically, the main similarities between the genus Metacystis and the genus Holophra are summarized as: 1) the specialization of the circumoral ciliature is low and the circumoral kineties are composed of dikinetids; 2) the somatic ciliation is uniform; 3) there is a single macronucleus and a single terminal vacuole; 4) cells usually cylindrical-or column-shaped. The family colepidae and the family Metacystidae are mostly characterized by their cylindrical-or barrel-shaped body bearing unique calcified cuirasses (Corliss 1979 , Chen 2009 ). Our phylogenetic analyses based on the SSU rRNA gene sequence data support the close relationship of the family Metacystidae with Holophryidae and Colepidae.
